INTRODUCTION
Water-soluble associating polymers carrying hydrophobic groups along the polymer chain exhibit remarkable rheological behavior. [1] [2] [3] [4] [5] In order to understand the origin of these peculiar properties, a series of associating polymers have been examined, in which distribution of hydrophobes along a polymer backbone, chemical structure of backbone and chemical species of hydrophobes are variable (see Ref. 6) and references therein).
Among them, telechelic polymers bearing hydrophobes at chain ends have attracted much interest of researchers. Their simple and relatively well-defined architecture allows researchers to carry out systematic examination of associating polymers both experimentally 1, 2, 7, 8) and theoretically. 9, 10) These works have been providing us important clues for understanding molecular mechanism of chain association and their influence on rheology. Poly (ethylene oxide) based polymer carrying two short alkyl groups at its chain ends (called hydrophobically modified ethoxylated urethane HEUR) is one of the well studied telechelic polymers.
Aqueous solutions of HEUR polymers exhibit anomalous non-linear viscoelastic behavior such as shear thickening at relatively low shear rate 1, 2, 5, 7) and stress overshoot. 3) On the contrary, linear response to a small oscillatory deformation is relatively simple: it is described by the Maxwell model with a single relaxation time τ × .
1,2,7) Transient network theory developed by Tanaka and Edwards (referred to as TE) 9, 10) for telechelic polymers explained this behavior by showing that the relaxation time τ × is directly related to the breakage rate β of elastically effective chain. In this study, we focus on the linear viscoelasticity within similar transient network theory, but for more complicated associating polymers.
Recently, new types of associating polymers were synthesized by Miyazawa and Winnik 11, 12) (referred to as MW). This polymer is carrying two different species of associative groups along polybetain (random copolymer of Nisopropylacrylamide and N-(noctadecyl) acrylamide):
hydrophobic alkyl groups and dipole moments on the end of phosphorylcholine. We call it co-associating polymer (CAP) in this article. Since alkyl groups associate to each other in water (or methanol) whereas dipole moments aggregate in chloroform, intramolecular micelles with hydrophobic aggregates turn into inverted micelles with hydrophilic aggregates by controlling solvent selectivity as shown by MW.
It is expected that the concept of micellar inversion is extended to polymer networks, that is, a network with backbone Fig. 1 (i) ). Trifunctional polymers we are going to study are the A-A-B type which bear A and B groups at their chain ends and one A group at the center of the chain ( Fig. 1 (ii) ).
Besides the A-A-B type, there is another model polymer representing trifunctional CAP: the A-B-A type ( Fig. 1 (iii) ).
Rheological properties of A-B-A polymers have been studied in our previous article 13 ) (referred to as I). Through examination of model CAP having different number of associative groups on the chain, we attempt to find how the phenomenological models used in rheological study such as
Maxwell element, Voigt element and their combinations are connected to the molecular architecture of the polymers.
MODELS FOR CO-ASSOCIATING POLYMERS

Several Assumptions for Theoretical Modeling
We treat unentangled polymer networks formed by monodisperse polymer chains (each chain has N statistical segments). The main assumptions employed in this article are as follows: 1) intramolecular associations (or looped chains), as well as floated chains 14) free from the constraint of the network, are neglected; 19) 2) characteristic time scale of the deformation added to the network is much larger than the single-chain relaxation time represented by the Rouse relaxation time τ R ; 3) each bridge chain deforms affinely to the macroscopic deformation of the network. The system is assumed to be homogenous and incompressible.
20)
As a consequence of the assumption 1), our transient network contains two structural units: active chains (bridge chains) and dangling chains (see Fig. 2 and Fig. 3 ). The active chain has more than two functional groups associated with distinct junctions, thereby transmitting stress along the chain.
In what follows, a prefix of the term active denotes the associated groups, e.g., the AB-active chain contains one A group and one B group incorporated into junctions. In the case of the A-A-B polymers, we employ subscripts c (representing center) and e (denoting end) for A if necessary to avoid confusion (see Fig. 3 ). For instance, the A c B-active chain of the A-A-B polymer represents an AB-active chain whose associated A group with an A-junction is located at its center.
The dangling chain has only one associated group. ).
Here, a is the characteristic length of the statistical segment. (1) increasing in the number N of segments, so that the GT limit becomes appropriate when N is large enough.
Chain Distribution Functions
Difunctional Polymers The most fundamental quantities in the transient network theory is the chain distribution function of the active chains. In the case of A-B polymers, it is defined by
The total number n AB (t) of AB-active chains is then given by 
(r 2 ).
In each case, we require a condition that the total number n of chains conserves, that is, n = ζ is the friction constant and R is the random force acting on free groups whose average and variance are given by 〈R α (t)〉 = 0 and 〈R α (t)R β (t')〉 = 2ζk B Tδ αβ δ(t−t'), respectively (k B is the Boltzmann constant and T is the temperature). Further development will be reported elsewhere.
LINEAR VISCOELASTICITY
We now consider the situation that small oscillatory shear deformation is added to the network. The velocity gradient tensor representing such oscillation is given by where is the dimensionless infinitesimal, and ω is the frequency of oscillation. In order to study a linear response to the small deformation (13), we expand the distribution function F i for each type of active chains in powers of up to its first order: ( 2 ), and find its zeroth .
Chain Distribution Function
The zeroth order of the distribution function after taking the GT limit is found to be 
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CONCLUSIONS
It is shown that dynamic-mechanical moduli of heterotelechelic 20) These all assumptions were adopted in I as well. H NMR spectroscopy studies indicate that the motion of polar groups (phosphorylcholine) is not restricted. 11, 12) 
